Supplementary Material and Methods

Field monitoring:
Carbonate system monitoring: pH data from Sylt (North Sea) and Kiel Fjord (Baltic Sea, Supplementary Fig. S1 , S2) were measured weekly in 1m depths from 2009 to 2011 (Asmus et al. unpublished (Sylt, 55°1.5´N, 8°27, 01´E) , 40 (Kiel Fjord, 54°19.8'N; 10°9.0'E)) using WTW pH meters (WTW, Germany). The 3-years monitoring data were averaged in monthly intervals. In 2012, seawater pCO 2 in Kiel Fjord was continuously monitored using a HydroC CO 2 carbondioxide sensor (Kongsberg Maritime AS, Norway, 43) mounted on a floating platform in about 1 m water depth in front of the GEOMAR building (54°19.8'N; 10°9.0'E). Recorded pCO 2 values over the range from 450-2500 µatm were validated against seawater pCO 2 calculated from A T and C T measurements (N=9) using VINDTA and SOMMA auto analysers (Marianda, Germany), respectively (see details for analysis below).
Larval settlement in Kiel Fjord:
At the same location (ca. 1 m horizontal distance from the CO 2 sensor) settlement of Mytilus larvae was assessed using four times replicated 5x5 cm PVC panels which were roughed manually using sand paper suspended in the fjord in about 50 cm water depth. On a weekly basis, panels were substituted and the total number of settled larvae was counted using a stereo microscope. The duration of the larval period in 2012 was estimated using Kiel Fjord water temperature data (1.5 m depth, unpublished data, K Bumke and F Nevoigt, GEOMAR Ocean circulation and Climate Dynamics -Marine Meteorology) and data on temperature dependent larval growth rates (48). We then back calculated the duration of the larval phase for cohorts that had settled between mid of July and mid of September using a cumulative planktonic life phase of ca. 450 degree days (Fig. 1c, 48 ). For this purpose, daily mean seawater temperatures recorded in Kiel Fjord prior to settlement were subtracted from 450 degree days to estimate the spawning data for each cohort (i.e. the date with larval age = zero degree days). As larval duration also depends on numerous other factors (e.g. food supply, 49), larval phase duration calculations need to be considered as rough estimates.
Laboratory experiments: Population comparison experiment (PC):
The responses of mussel populations from the North and the Baltic Sea were compared in a common garden experiment. The experiment was performed using North Sea water with a salinity of 28. After 5 months specimens of both populations were transported to GEOMAR in Kiel and placed in a recirculating aquarium system filled with North Sea water at 16°C. The next day, spawning of both populations was induced by increasing water temperature by 5-8°C using heaters. Eggs and sperm were collected separately in 0.2 µm filtered seawater. Fertilization was performed using excess sperm concentrations. For each population eggs from three individuals were pooled and fertilized by adding sperm pooled from three males of the same population. Fertilization success was evaluated by monitoring divison of zygotes 2-3 h after fertilization using a stereo microscope. The density of embryos was quantified in three replicates and embryos were transferred at 4-8 cell stage into the experimental units (4 replicates) at an initial density of 10 larvae ml -1
.
Multi-generational experiment (MG):
Animal collection: For the F0 generation of the multi-generational experiment, adult specimens of generation were taken directly from the experimental flow-through system and used for spawning (see below).
MG crossing design: F0/F1 generation:
In 2012, all collected animals were placed in a common aquarium tank and spawning was induced by rapidly increasing water temperature by 5-7°C using heaters. When individual mussels started to spawn they were immediately placed in separated beakers in order to collect eggs and sperm. Images of unfertilized eggs were taken using a stereo microscope with a MicroPublisher 3.3 RTV camera and analyzed for egg diameter using Image Pro ) by adding 400 µL of sperm solution to beakers containing eggs. Following a reduced North Carolina I crossing scheme, fertilizations of 8 sires (1-8) and 8 dams (A-H) resulted in 16 fullsib families (Fig. 3a) . Larvae of each family were exposed to three pCO 2 levels (390, 1120, 2400 µatm) with a replication of three for each level, which added up to a total of 16x3x3=144 experimental units. The applied pCO 2 levels correspond to present day atmospheric pCO 2 , present day seawater pCO 2 observed in Kiel Fjord during summer (40) and future pCO 2 expected in Kiel Fjord for the end of the century (52). Larvae from 5 of the 16 families were able to settle and complete metamorphosis at all three experimental pCO 2 s. These families were considered as 'tolerant' (A1, A2, B1, C4, D3). The remaining 11 families without settlement at the highest pCO 2 of 2400 µatm were scored as 'sensitive' (B2, C3, D4, E5, E6, F5, F6, G7, G8, H7, H8). animals were placed in separate beakers filled with 0.2 µm filtered seawater equilibrated with the respective pCO 2 of the long-term acclimation treatment. Spawning was induced as described above.
The number of eggs released per individual was counted in three replicates. Fertilizations were carried out at the respective pCO 2 level according to the crossing scheme ( Fig. 3b ) and were performed with excess sperm concentrations, masking potential negative effects on fertilization success under elevated pCO 2 . For the F2 generation in 2013, we followed two approaches. First, we wanted to test the contribution of maternal transgenerational plasticity to offspring phenotypes. To do so, one F1 dam from each of three tolerant families (A2, B1, C4) and from each of the three pCO 2 levels (390, 1120, 2400 µatm) was fertilized separately and exposed to all three pCO 2 levels in a fully crossed design (N=3). For fertilization, sperm from one sire of the tolerant family D3 from each of the three tested pCO 2 levels was used. Secondly, we wanted to test whether plastic and genetic components of CO 2 tolerance could be transferred into sensitive genetic backgrounds (sensitive families: F5, G7, H8). In this approach, sensitive dams were crossed with tolerant sires and vice versa (A2, B1, C4 X E6; F5, G7, H8 X D3). The total number of experimental units was 180.
F2 generation (2014): In 2014, the F2 larval performance of either 390 or 2400 µatm acclimated F1 tolerant families and 390 µatm pCO 2 acclimated sensitive F1 families were compared. For this purpose, eggs from three dams from each of the four tolerant F1 families (A2, B1, B2, C4) either acclimated to 390 or 2400 µatm pCO 2 or from three females from the four sensitive F1 families (F5, G7, H7, H8) acclimated to 390 µatm pCO 2 were pooled in equal numbers. Egg diameter and number per individual was measured as described above. Eggs from each group were fertilized at a seawater pCO 2 of 390 or 2400 µatm with sperm from one sire (family E6, 390 µatm acclimated, Fig. 3c ). Larvae were subsequently reared at fertilization conditions resulting in six treatments with a replication of seven and a total of 42 experimental units. Provasoli Enriched Seawater (PES) medium (Rhodomonas), respectively, as described previously (18).
Cell densities of cultures were monitored daily with a particle counter (Coulter Counter, Beckman, Germany) in order to maintain constant cell densities.
Larval samples from the experimental units were collected on day 2, 7, 14, 21 after fertilization for monitoring of survival and shell growth of larvae. Samples were either immediately fixed using 4% paraformaldehyde (PFA) or living specimens were collected with a pipette from the water sample, counted and subsequently fixed in 4% PFA and 4 mM NaHCO 3 -in order to prevent shell dissolution in water undersaturated with respect to calcium carbonate. Larval images were taken as described above ( Supplementary Fig. S3 ). Daily growth rates were determined by linear regression analysis of shell length data measured on day 2 (formation of the first larval shell (prodissoconch I, PD I)), 7, 14 and 21 after fertilization. In the PC experiment PD I size was measured on day 3 and growth rates were not calculated for the North Sea population at 2400 µatm as the number of survivors on day 14
and 21 was too low for a reliable determination (3-4 specimens in total).
After settlement in 2012, juvenile F1 mussels were kept in the experimental units until reaching a size of about 500 -1000 µm. Subsequently, they were transferred into a flow-through experimental setup which consisted of experimental aquaria that were supplied with water from a header tank that was continuously filled with seawater from Kiel Fjord (18). Within these aquaria, animals were reared to maturity to be spawned in 2013 and 2014. A suspension of Rhodomonas was continuously pumped into the header tank using a peristaltic pump. The tank supplied all experimental aquaria with seawater and diluted Rhodomonas suspension at a rate of 100 mL min -1
. Over the course of the long-term acclimation and growth phase, the mean Rhodomonas concentration in the header tank was 6000 ± 3400 cells ml -1
. Each aquarium was separately aerated with pressurized air with a pCO 2 of either 390 (control), 1120 or 2400 µatm using the central gas mixing facility of GEOMAR.
PC and MG experiment carbonate system monitoring:
The experimental units of the larval experiments and the flow-through aquaria used for the long-term acclimation of juveniles were aerated with pressurised air with three constant pCO 2 levels (390, 1120 and 2400 µatm) using the GEOMAR gas mixing facility. pH NBS , salinity and temperature were monitored twice or once a week in the larval experiments and during the F1 acclimation / growth phase, respectively, using WTW 330i pH meter (WTW, Germany) equipped with a Sentix81 electrode and a Cond 340i salinometer with a
TetraCon 325 electrode (WTW, Germany). Weekly, water samples for carbonate system analyses were taken and immediately measured without poisoning. In 2012 and 2014, samples were analysed for C T using an AIRICA C T analyser (Marianda, Germany) and for A T using a Metrohm 862 Compact
Titrosampler in 2013. pH of the water samples was determined on NBS and total scale using a 626
Metrohm pH meter and Tris/HCl and AMP/HCl seawater buffers mixed for a salinity of 15 g kg -1
(53).
Carbonate system speciation was calculated from C T and A T (field monitoring 2012), C T and pH (PC and MG in 2012+2014) or A T and pH (MG 2013) using the CO2SYS program with published values for KHSO4, K1 and K2 dissociation constants (45-47). Measured pH, salinity and temperature and calculated carbonate system parameters are given in Table 1 .
Statistical analyses:
Analyses based on group means were analysed by linear models and analyses of variance (ANOVA) in the R statistical environment (R core team 2014). Analyses and calculation of heritability in the F1 generation and estimation of transgenerational plasticity were performed by fitting animal models in a Bayesian generalized linear mixed model (GLMM) framework implemented in the mcmcGLMM package (54). We used proper but uninformative priors of half of the observed variance, ran Markov chains for 500,000 iterations and checked for parameter convergence after removing 300000
iterations of burn-in and only every 1000th sample was taken to optimize chain mixing. Genetic variance was estimated from the animal variance component of the whole phenotypic variation reflecting the one-generation pedigree of each individual in the F1 and the two-generation pedigree of the replicate tanks in the F2. depicted. The August mussels larvae cohort experienced significantly higher pCO 2 levels (F:119.5, p<0.001) compared to larvae which settled in July and September. 
